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COPYRIGHT NOTICE 

A portion of the disclosure of this patent document 
contains material which is subject to copyright 
protection. The copyright owner has no objection to the 
facsimile reproduction by anyone of the patent document 
or the patent disclosure, as it appears in the Patent 
and Trademark Office patent file or records, but 
otherwise reserves all copyright rights whatsoever. 



Cross Reference To Related Applications 

This invention is related to the following co-pending U.S. 
' provisional patent applications, each of which are incorporated 
herein by reference, in their entirety: 

Asia et al, Provisional Application Serial No. 
60/178,136, entitled "Offset Carrier Frequency Correction In A 
Two-way Broadband Access System," attorney docket no. 
23600.00500, filed, 26 January, 2000. 
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BACKGROUND OF THE INVENTION 
Field of Invention 

This invention relates generally to frequency correction, 
5 and more particularly to a method and apparatus for performing 

automatic frequency offset detection and correction in broadband 
wireless access systems. 

Discussion of Background 

10 

Point to multipoint fixed broadband wireless access systems 
over MMDS networks are known in broadcast situations. These 
networks operate over licensed bands including the MMDS band 
f (2,150 to 2,162 MHz), the WCS band (2,305 to 2,360 MHz) and the 

15 ITFS/MMDS bands (2,500 to 2,686 MHz). 

A known cable based broadband access system, which operates 
at a range of between 50 MHz and 864 MHz, but not in the MMDS, 
WCS, or ITFS/MMDS bands, is the data over cable specification 
system, which is specified in the data over cable system 
20 interface specifications (DOCSIS) . An overview of a cable based 

DOCSIS system is depicted in Fig. 1. A CMTS 10 communicates 
with a wide area network 20, such as the Internet. The CMTS 10 
can transmit signals from the wide area network 2 0 along a cable 
network 30 through cable modems 40 to CPE 50 (Customer Premise 
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Equipment - intended throughout this document to include a 
computer and/or all of the equipment at the customer site, such 
as a LAN - Local Area Network) . CPE 50 messages can be 
transmitted to the wide area network 20 through the cable modem 
40 along the cable network 30 to the CMTS 10. 

In point to multipoint broadband access systems one central 
end-point, e.g. the head-end, communicates through a bi- 
directional link or links with multiple end-points, e.g. the 
nodes. The number of nodes in communication varies in time and 
can be none, one or two or more at any specific time. 

The link(s) between the head-end and the nodes are combined 
in one or more channels. The signal path from the central end- 
point to the nodes is referred to as downstream, while the 
signal path from the nodes to the central end-point is referred 
to as upstream. 

A single upstream channel can be used to deliver 
information from a node to the head-end, and a downstream 
channel from the head-end to a node or a group of nodes. If a 
single upstream channel is used for communication from the 
nodes (s) to the central point, then only one end-point can sends 
information on the single upstream channel at any one time. 

Determining and maintaining accurate frequencies for 

downstream reception and upstream transmission is important for 

successful system operation. One way to determine and maintain 
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accurate frequencies is to use sensitive but expensive circuit 
elements in the transceiver, or 'receiver and transmitter. The 
use of sensitive component will improve the frequency accuracy 
of the modem but will also lead to an expensive modem, making it 
5 difficult to sell the device at a reasonable price to the 

consumer . 

In broadband access systems a very important time for a 

modem to be accurately detect and calibrate frequencies is when 

it wants to initiate communication with a cable modem 

10 termination system (CMTS) and therefore needs to register and be 

able to operate according to the appropriate parameters of the 

broadband wireless access system. It is during the registration 

= procedure that modem needs to accurately determine the 

- downstream and upstream frequencies in order to accurately 

15 transmit and receive during its communication period. 

Therefore there exists a need for a modem that can 

accurately lock onto and maintain the downstream frequency in 

order to receive a reliable downstream data. 

There also exists a need for a modem that can accurately 

20 lock onto and maintain the upstream frequency in order to 

transmit in the exact frequency without disturbing neighboring 

upstream channels. 

However, it is further desired that creating a modem that 

can accurately lock onto and maintain both the downstream and 
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upstream frequencies while at the same time reducing the need to 
use expensive components. 

Another frequent problem in broadband wireless access 
systems occurs due to line of sight operation. The problem is 
very short duration interruptions in the in the physical 
transmission path between the wireless hub and the wireless 
modems is regarding very fast interruptions. The wireless modem 
needs to be able to make a fast reaction in order not to have 
data loss in its transmissions after these situations. 

Therefore, it is desired that modem have the capability to 
compensate for short duration interruptions in the transmission 
path. 

SUMMARY OF THE INVENTION 

In one embodiment present invention provides a method for 
correcting for the offset carrier frequency in a wireless modem. 
The system and method further allowing for the periodic 
correction of the offset of the carrier frequency. 

In another embodiment, the present invention provides an 
efficient method and system for determining the offset of the 
frequency of an upstream channel based upon the determination of 
the offset of the frequency of the upstream channel in a 
wireless user device. 
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In a further embodiment, the present invention .provides for 
an efficient method and system for determining the offset of the 
frequency of the downstream channel in a wireless user device 
based upon the detection of the offset of the frequency of the 
upstream channel. 

In yet another embodiment, the present invention provides 
for a method and system for correcting the upstream transmission 
power of a wireless user device based upon deviations in the 
signal power of a signal received by the wireless user device 
that was propagated on a downstream channel. 

The present invention is embodied as a method for locking 

onto a downstream frequency by a wireless modem in a broadband 

wireless access system comprising, receiving at a radio coupled 

to the wireless modem, a plurality of signals at least one 

corresponding to a downstream signal being transmitted on a 

downstream frequency, determining, at the wireless modem, if the 

radio is locked onto the at least one downstream signal received 

at the radio, if the radio is locked onto the downstream signal, 

determining a center frequency of a detected frequency range 

corresponding to the downstream signal, if the radio is not 

locked onto the downstream data signal, changing a receiving 

frequency of the radio by signals from the wireless user device 

according to a predetermined frequency plan until the receiver 

is locked onto the one downstream signal and then determining 
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the center frequency of the 'detected frequency range, 

determining a frequency offset factor, and transmitting an 

instruction from the wireless modem to the radio to operate a 

frequency other than the center frequency, the frequency other 

than the center frequency being a function of the frequency 

offset factor and center frequency. 

The present invention also includes a method for 

compensating for signal power reduction in a wireless modem, 

comprising, determining a power of a received signal at a 

transceiver in a first downstream time slot, the power of the 

received signal being determined at a wireless modem coupled 

with the transceiver, if the power of the received signal is 

within a predetermined range, instructing the transceiver to 

transmit in a first upstream time slot a message at a 

predetermined upstream power, if the power of the received 

signal is outside the predetermined range, then transmitting in 

the first upstream time slot the message at a power that is the 

upstream power plus or minus the difference between the 

predetermined range and the power level of the received signal 

in the first downstream time slot, determining a power of a 

received signal at a transceiver in second downstream time slot, 

the power of the received signal being determined at a wireless 

modem coupled with the transceiver, if the power of the received 

signal in the second downstream time slot is within a 
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predetermined range, instructing the transceiver to transmit in 
a second upstream time slot a message at a predetermined 
upstream power, if the power of the received signal is outside 
the predetermined range, then transmitting in the first upstream 
time slot the message at a power that is the upstream power plus 
or minus the difference between the predetermined range and the 
power level of the received signal in the second downstream time 
slot, and ceasing upstream transmission from the transceiver 
until power correction information is received at the 
transceiver . 

The invention includes a device for locking onto a 

downstream frequency, comprising, a radio configured to, receive 

a plurality of signals, at least one of said plurality of 

signals being transmitted on said downstream channel, detect a 

center frequency of said downstream channel, determine an offset 

of said downstream frequency compared to a nominal frequency, 

and adjust a frequency so the offset is eliminated; and a device 

for compensating for signal power reduction, comprising, a power 

expectation device configured to determine an expected power 

level of a received signal, a power detection mechanism 

configured to determine an amount of power in a received signal, 

a calculation configured to determine if the power of the 

received signal is within a predetermined range of the expected 

power level and determine a variance between the expected power 
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and received power level, and a ' transmitter control device 
configured to adjust an amount of power used to transmit a 
signal based on the variance if the received power is outside 
the predetermined range. 
5 Both the device and method may be conveniently implemented 

on a general purpose computer, or networked computers, and the 
results may be displayed on an output device connected to any of 
the general purpose, networked computers, or transmitted to a 
remote device for output or display. 



BRIEF DESCRIPTION OF THE DRAWINGS 



A more complete appreciation of the invention and many of 
15 the attendant advantages thereof will be readily obtained as the 

same becomes better understood by reference to the following 
detailed description when considered in connection with the 
accompanying drawings, wherein: 

Fig. 1 is an overview of a known data over cable system; 
20 Fig. 2 is a block diagram of a wireless data over cable 

system according to an embodiment of the present invention; 

Fig. 3 is a flow chart of a high level process of the 
present invention; 
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Fig. 4 is a frequency band illustration of a fine tuning 
process of the present invention; 

Fig. 5 is a block diagram of the frequency locking 
apparatus in a radio of a presently preferred embodiment of the 
present invention; and 

Fig. 6 is a block diagram of the frequency locking 
apparatus in a transmitter and receiver in an embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring again to the drawings, wherein like reference 

numerals designate identical or corresponding parts, and more 

particularly to Fig. 2 thereof, there is illustrated a wireless 

modem 100 that is turned on (and needs to be initialized) or 

loses a signal (downstream transmission 102, for example) . The 

modem 100 performs a synchronization with the wireless hub 110 

that is presently preferred to be located within or control a 

head-end of a broadband wireless access system. The wireless 

modem preferably comprises a radio unit 120, comprising a 

transceiver or transmitter and receiver pair, and a wireless 

modem 130 that is in communication with the CPE 140. 

The radio unit 120, and/or the entire wireless modem may be 

located indoors or outdoors . 
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A description of the operation flow and parameters for 
initialization transactions of a wireless modem is described in 
sections 9.1 and 9.2 of the Radio Frequency Interface 
Specification version 1.1 of the Data-Over-Cable-Interf ace- 
Specification (DOCSIS), Document #SP-RFIvl . 1-103-991105, which 
is incorporated herein by reference in its entirety as if set 
forth herein. The DOCSIS specification provides that the 
wireless modem first synchronize to the downstream channel, then 
to obtain the upstream channel parameters on the downstream 
channel, and then to perform ranging for setting the proper 
power and timing parameters . 

It should be noted that although the present invention may 
be practiced on any frequency range, the presently preferred 
systems operate within the MMDS and LMDS frequency bands, which 
are in the ranges of between 2,150 to 2,162 MHz, 2500 to 2686 
MHz and 17 to 40 GHz respectively, these operating frequencies 
are substantially greater than the operating frequencies 
specified in the Radio Frequency Interface Specification of 
DOCSIS. This creates several problems including higher 

frequency drift sensitivity and worsened signal loss. 

Fig. 3 is a flow chart of a high level process of the 

present invention. At step 300, when a wireless modem powers 

up, or when the downstream channel is dropped, the wireless 

modem will scan in steps for a downstream channel. The starting 
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frequency for the scan is preprogrammed into the wireless modem. 
First, it is preferred that the scan operate in large steps, 
preferably steps of 6 MHz, throughout the entire frequency range 
for the particular broadband wireless access system. The 
5 frequency range of the broadband wireless access system is 

preprogrammed into the wireless modem at the factory. If no 
downstream frequency has been found or locked onto using the 
large steps, then a second scan using smaller steps (see step 
320, change step size of scan) , preferably 1 MHz, is preferably 

10 made. If no frequency is locked onto or found using the smaller 

then a smooth scan, preferably utilizing n steps of 250KHz. 

After finding an active channel in some frequency so called 
the initial frequency, the wireless modem scans frequencies at 
intervals above and below the initial frequency. The intervals 

15 above and below are preferably an equal distant from the initial 

frequency. The step structure described herein is not intended 
to be limiting in any way, as the intervals may be constructed 
using any method. For example, steps may start at the center 
frequency and move in only a single direction, starting at the 

20 maximum frequency for the frequency range and moving downward, 

starting at the minimum frequency and moving upward, or starting 
at any frequency in the frequency range and moving in any 
direction and in any pattern. 
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After finding a set of one or more frequencies where the 
channel is received successfully, a fine-tuning is performed 
(step 330) based on the maximum and minimum edges of the 
downstream frequency band. 

The fine tuning process comprises dividing the downstream 
frequency formed into yet smaller bands to determine f max and 
fmin edges. Fig. 4 shows an example of a downstream frequency 
that was locked onto (band) while scanning the frequency range 
with 1 MHz steps 410. The locked onto downstream frequency 400 
is divided into a plurality of fine tuning increments 420. The 
edges f min 430 and f max 440 are the minimum and maximum 
frequencies where the downstream channel is acquired (locked 
onto) using the fine tuning increments. With these edges, the 
central frequency of the downstream channel can be determined as 
follows : 

f cen (435) = (f max + f min) /2 



At step 350, after determination of the center frequency, 

20 the frequency offset is determined. The presently preferred 

frequency offset is equal to (f nom - f cen) . The nominal 

frequency, f nom , may be received in a downstream message, or 

selected as the closest standard frequency value from a set of 

known standard frequencies. The tuned downstream frequency is 
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then changed to the center frequency. In a preferred 

embodiment, an offset ratio k is then calculated (step 360) as 
the ratio of a reference frequency F ref 200 supplied by the modem 
(that feeds the PLL 210 in Fig. 5) and the nominal frequency F n0 m 
(k = F r ef / F nom ) . For example, F nom = 2.5GHz, F cen = 2.495 GHz, 
F ref = 25Mhz, k = 0.01, Frequency Offset = 5 MHz, and the 
Correction = 50 KHz. 

The PLL controls the VCO 220, which generates the RF 
frequency F rad 230. The correction to the reference frequency is 
calculated by multiplying the offset ratio by the offset 
frequency. The PLL 210 then applies k via feedback loop 235 to 
adjust the PLL output to VCO 220 (also step 360) . The feedback 
loop results in a f ra d 230 that approximates or matches a no 
offset frequency. 

However, if the frequency still has an offset, a new set of 
calculations are performed as described above and the output 
frequency is checked again. This is done until such a time when 
the received frequency matches the correction to the reference 
frequency as calculated. At such a time, the downstream channel 
is locked with this set of values. 

The upstream frequency used for the transmission will be 

the obtained frequency from the downstream channel UCD message 

as set out in the DOCSIS specifications. This message is 

transmitted periodically by the hub on the downstream channel 
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and describes the upstream channel parameters, including the 
channel frequency. 

In one embodiment, the downstream frequency can be 
estimated accurate enough for the needs of the upstream channel. 
In this case, since the radio frequency was corrected during 
downstream signal acquisition, as described above, it is 
presently preferred that no correction is required to the 
upstream frequency provided in the UCD message. 

For example, Fig. 6 is a block diagram illustrating 
production of a receiving frequency and a transmitting 
frequency. PLL 610, VCO 620, and feedback loop 635 operate 
similarly as PLL 210, VCO 220, and feedback loop 235 described 
above with reference to Fig. 5. Since F rec is locked onto the 
downstream channel, output from PLL 610 is highly accurate for 
matching the frequency shifting that may occur in the modem 
receiver and transmitting equipment of the hub. Applying this 
accurate output to transmitting VCO 640 then also results in a 
highly accurate transmission frequency F t ran- 

In another embodiment, the downstream signal resolution is 

not enough for use in the upstream link. In wireless modems, it 

is preferred that the resolution is in the range of 62.5 kHz. 

This resolution is not enough for the accuracy of the upstream 

channel, which must contend with a multiple of other upstream 

channels. Therefore, an additional embodiment of the present 
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invention provides for correcting of any offset of the upstream 
channel. Further, this offset correction can be used to 
dynamically correct the downstream channel receiver of the 
wireless modem. 

After receiving the upstream frequency and other parameters 
in the UCD message, the wireless modem starts upstream 
transmission as part of the ranging process (as defined by 
Sections 9.2.4. 6.3.5 and 6.3.6 of the Radio Frequency Interface 
Specification of DOCSIS) . If there is no response during the 
ranging process, the modem starts a scanning procedure in the 
upper and lower range of the upstream frequency band, as defined 
in the UCD, in order to find the correct upstream frequency. The 
frequency steps are fully configurable. When the ranging 
procedure is successfully completed, the upstream frequency is 
locked. This phase is presently preferred to be referred to as 
the closed loop. The deviation between the exact frequency and 
the obtained frequency is stored in memory. 

Since this deviation is less than 62.5 kHz, based on the 

Radio Frequency Interface Specification of DOCSIS, it can be 

used to make a fine tuning correction to the downstream 

frequency. The corrections are performed during idle periods 

(when the modem has no data to transmit) . The correction to the 

reference frequency can be made by changing the reference clock 

of the radio, when the radio comprises a transceiver. In the 

Attorney Docket No. 23600.00501 
Client Ref. No. 00500 

12239748.1 



18 

case of a separate upstream arid downstream radios, the 
correction is made within the wireless modem by independently 
correcting each radio clock. 

This deviation is kept in memory. Periodic measurements 
are performed. If a new deviation of 62.5 kHz or greater is 
detected, a new fine tuning correction is performed, as 
described above (again, this is performed during idle period/s) . 

Wireless modems operating in the broadband wireless access 
systems are generally line of sight operation sensitive. Since 
short-term disturbances may occur during operation, a special 
reaction function is preferably added to the wireless modem in 
order to avoid and/or minimize transmission failures and data 
loss . 

A short term disturbance can be detected by the wireless 
modem by sensing an abrupt decrease in the measured power of a 
signal received on the downstream channel, a difference between 
the power of the currently received signal and an expected power 
is calculated. The expected power may be calculated as an 
amount of average power received in a previous predetermined 
time period. When a short term disturbance is detected by the 
wireless modem, the wireless modem will thereby immediately 
increase the power for upstream transmission. 

The presently preferred time period for short-term 

disturbances is an interval of between 500 to 2550 msec. 
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However, other time periods and a number of factors can go into 
determining the actual interval, which is determined to be a 
short-term disturbance. 

The increase in power is presently preferred to be equal to 
the difference between the power of the currently received 
signal and an expected power is calculated. However, the power 
increase can be some predetermined multiple of the difference, 
can be the maximum power allowed for upstream transmission 
according to the applicable standards, or can be any other value 
greater than the power of the previously transmitted upstream 
signals. This increase in power is provided to avoid the 
wireless hub from being affected by the disturbance in the 
transmission [so long as the disturbance is only for a short 
term - why only short duration?] . 

While the embodiments, applications and advantages of the 
present invention have been depicted and described, there are 
many more embodiments, applications and advantages possible 
without deviating from the spirit of the inventive concepts 
described and depicted herein. The invention should only be 
restricted in accordance with the spirit of the claims appended 
hereto and is not restricted by the preferred embodiments, 
specification or drawings. 
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The present invention may be conveniently implemented using 
a conventional general purpose or a specialized digital computer 
or microprocessor programmed according to the teachings of the 
present disclosure, as will be apparent to those skilled in the 
computer art. 

Appropriate software coding can readily be prepared by 
skilled programmers based on the teachings of the present 
disclosure, as will be apparent to those skilled in the software 
art. The invention may also be implemented by the preparation 
of application specific integrated circuits or by 
interconnecting an appropriate network of conventional component 
circuits, as will be readily apparent to those skilled in the 
art. 

The present invention includes a computer program product 
which is a storage medium (media) having instructions stored 
thereon/in which can be used to control, or cause, a computer to 
perform any of the processes of the present invention. The 
storage medium can include, but is not limited to, any type of 
disk including floppy disks, mini disks (MD's), optical discs, 
DVD, CD-ROMS, micro-drive, and magneto-optical disks, ROMs, 
RAMs, EPROMs, EEPROMs, DRAMs, VRAMs , flash memory devices 
(including flash cards) , magnetic or optical cards, nanosystems 
(including molecular memory ICs) , RAID devices, remote data 
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storage/archive/warehousing, or any type of media or device 
suitable for storing instructions and/or data. 

Stored on any one of the computer readable medium (media) , 
the present invention includes software for controlling both the 
5 hardware of the general purpose/specialized computer or 

microprocessor, and for enabling the computer or microprocessor 
to interact with a human user or other mechanism utilizing the 
results of the present invention. Such software may include, 
but is not limited to, device drivers, operating systems, and 

1Q user applications. Ultimately, such computer readable media 

further includes software for performing the present invention, 
as described above. 

Included in the programming (software) of the 
general/specialized computer or microprocessor are software 

15 modules for implementing the teachings of the present invention, 

including, but not limited to, acquiring downstream channels, 
reading description messages on the downstream channel, 
performing fine tuning, calculating offsets, applying offset 
ratios, and the display, storage, or communication of results 

20 according to the processes of the present invention. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above teachings. 
It is therefore to be understood that within the scope of the 
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appended claims, the invention may be practiced otherwise than 
as specifically described herein. 
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